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ABSTRACT 



An apparatus and method for noninvasively measuring 
blood glucose concentration. The apparatus disclosed uses 
light pulses directed onto a patient's skin and reflected back 
from the patient to measure blood glucose. Reflected light is 
passed through light filters that transmit a narrow bandwidth 
of light within a range of wavelengths that is absorbed by 
glucose and then measured. Unre fleeted light is passed 
through identical light filters and also measured. The two 
measurements are then compared and used to calculate the 
patient's blood glucose concentration. 

20 Claims, 6 Drawing Sheets 
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APPARATUS AND METHOD FOR 
NONINVASIVE GLUCOSE MEASUREMENT 

BACKGROUND OF THE INVENTION 

More than 16 million people in the United States are 
aSlicted with diabetes mellittis or have a predisposition to 
diabetes, and more than 750 thousand people are registered 
annually as diabetics. The medical complications associated 
with diabetes are quite serious, including increased risk of 
kidney, eye, nerve, and heart disease. To control their 
condition, diabetics must control their blood sugar levels by 
selecting proper nutrition and, in the more serious Type I 
condition, by administering insulin. To help guide their 
nutrition and their regimen of insulin injections, diabetics 
must also measure their sugar levels several times a day. 

At present, all portable devices for measuring blood sugar 
require puncturing the fingertip to obtain a blood sample. 
The blood sample is then placed on a test strip that indicates 
the glucose concentration. An example is the ONE 
TOUCH{E» glucose meter sold by the LifeScan Co. These 
devices are very compact and reasonably accurate, but 
puncturing the fingertip to obtain a blood sample is incon- 
venient and painful and poses a risk of infection. No 
commercial alternatives are available. 

A number of attempts have been made to measure blood 
sugar concentration noninvasive ly by measuring tissue 
absorption of light radiation in the near infrared energy 
spectrum — approxiniately 650 nm to 2700 nm. Various 
attempts are described in U.S. Pal. No. 4,655,225 (Dahne), 
U.S. Pat. No. 5,070,874 (Barnes), U.S. Pat. No, 5,077,476 
(Rosenthal), U.S. Pat. No. 5,086,229 (Rosenthal), U.S. Pat. 
5,277,181 (Mendelson), U.S. Pat. No. 5,361,758 (Hall), U.S. 
Pat. No. 5,459,317 (SmaU), and U.S. Pat. No. 5,529,755 
(Higashio). 

Some of these prior patents, such as U.S. Pat. Nos. 
5,070,874, 5,077,476, and 5,086,229, disclose only using 
wavelengths less than 2000 nm, most of which do not 
penetrate well through human skin. Others of these patents, 
such as U.S. Pat. Nos. 4,655,225, 5,277,181, 5^61,758, 
5,459,317, and 5,529,755, disclose applying multiple wave- 
lengths of energy and require complicated apparatus, such as 
a continuous wide -band radiation source, which restricts the 
abiUty to construct a compact portable unit from these 
designs. 

U.S. Pat. No. 5313,941 (Braig) discloses using a radia- 
tion source of long infrared energy, specifically from 
2000-20,000 nm, applied in short bursts to avoid patient 
discomfort and/or burning of tissue. In a preferred 
embodiment, a wavelength of approximately 9100 nm is 
used to detect the concentration of glucose, and a wave- 
length of approximately 10,500 nm is used as a reference. 
The source of infrared energy is a healing element that 
radiates a broad spectrum of energy, and a mechanical 
shutter regulates the flow of energy into short bursts. In 
addition, the mechanical shutter is synchronized with the 
patient's systolic and diastolic phases of the cardiac cycle. A 
disadvantage of this method is that sophisticated filters and 
photodetectors are needed to measure the signals in these 
spectral regions. Another disadvantage is that the high 
energy source requires a large power supply, which restricts 
the ability to construct a compact and portable unit. 

U.S, Pat. Nos. 5398,681 and 5,448,992 describe a polar- 
izing method to measure blood sugar concentrations. Dis- 
advantages of these methods include but are not limited to 
the need for many elements, fine adjustments, and precise 
techniques to fix changes in the plane of polarization when 
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measuring blood-sugar/glucose concentrations. Another dis- 
ad\'antage is that the negative influence of other blood 
constituents is not excluded in the measurements. An appa- 
rams of this namre could not be constructed to form a 
5 compact and portable imit. 

In short, to date, all attempts have failed to replace the 
current methods of measuring blood glucose concentration 
with a noninvasive glucose analyzer that is accurate, 
convenient, portable, and reliable. 

10 SUMMARY OF THE INVENTION 

An objective of the invention is to provide an apparatus 
and method for noninvasivcly measuring blood glucose 
concentration accurately and conveniently. A fiirther objec- 
tive of the invention is to provide an apparatus for nonin- 

15 vasively measuring blood glucose concentration that is 
portable and inexpensive. A more specific objective is to 
provide a photometric method for noninvasivcly measuring 
blood glucose concentration in vivo in which a pulse of light 
is projected onto a selected area of the body rich in blood 

20 vessels (such as the inner wrist, elbow or ear lobe), trans- 
mitted through the skin, tissues, and blood vessels, partially 
absorbed by glucose in the blood, and partially scattered, 
diffused, and reflected ofif irradiated structures (such as bone 
surfaces or internal surfaces of blood vessels) and back 

25 through the blood vessels, tissues, and skin. The luminous 
energy of the reflected light (including scattered and diffused 
light) is then collected by a receiving detector, converted to 
an electrical signal proportional to the glucose concentration 
in the blood of the subject, and analyzed. Additional objec- 

30 tives of the invention will be set forth in part in the 
description that follows or will be obvious from the descrip- 
tion. 

To achieve the objectives of the invention, as embodied 
and broadly described herein, the invention comprises an 

35 apparatus for noninvasively measuring the glucose concen- 
tration in the blood of a patient comprising a light source, a 
first fiber optic unit, a test channel, a second fiber optic unit, 
a reference channel, and a processing unit. The first fiber 
optic unit transports light pulses to the skin of a patient, 

40 receives light reflected back from the patient, and transports 
the reflected light to the test channel. The test channel 
comprises a light filter that transmits a narrow bandwidth of 
light within a range of wavelengths that is absorbed by 
glucose, a photodetector that measures the light passing the 

45 light filter, a pulse amplifier, and an analog-to-digital con- 
verter. The test channel measures the intensity of the 
reflected light at the desired wavelengths. The second fiber 
optic unit transports light pulses directly from the light 
source to the reference channel, which comprises a light 

50 filler, a photodetector, a pulse amplifier, and an analog-to- 
digital converter identical to the corresponding elements in 
the test channel. The reference channel measures the inten- 
sity of the light from the light source at the desired wave- 
lengths. The processing unit then compares the output of the 

55 test channel to the output of the reference channel to 
quantify the intensity of light absorbed by the glucose in the 
blood of the patent. This measurement can then be converted 
into a measurement of glucose concentration. In preferred 
embodiments, the light filters may transmit light having a 

60 bandwidth of about 20 nm or less within a range of wave- 
lengths of between about 1550 nm to 1700 nm or between 
about 2050 nm to 2400 nm, more preferably between about 
2080 to 2200 nm. In a most preferred embodiment, the first 
and second fiber optic units comprise pure silica glass core 

65 fiber or doped silica glass core fiber. 

The invention also comprises an embodiment an appara- 
tus for noninvasively measuring the glucose concentration in 
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the blood of a patient in which sequential light pulses from 
the first and second fiber optic units pass through the same 
light filter and photodetector. This embodiment comprises a 
light source; a light filter that transmits a narrow bandwidth 
of light within a range of wavelengths thai is absorbed by 
glucose; a first fiber optic unit that transports light pulses 
from the light source to the skin of a patient, receives light 
reflected back from the patient, and transports the reflected 
light to the light filter; a second fiber optic unit that trans- 
ports light pulses directly from the light source to the light 
filter; a photodetector that measures the light passing the 
light filter; and a processing unit that compares the intensity 
of the reflected light passing through the light filter to the 
intensity of the light directly from the light source to 
quantify the intensity of light absorbed by the glucose in the 
blood of the patient. In a preferred embodiment, the Ught 
filter transmits light having a bandwidth of about 20 nm or 
less and within a range of wavelengths of between about 
1550 nm to 1700 nm or between about 2050 nm and 2400 
nm, more preferably between about 2080 nm to 2200 nm. In 
a most preferred embodiment, the first and second fiber optic 
units comprise pure silica glass core fiber or doped silica 
glass core fiber. 

The invention also comprises a method for noninvasively 
measuring the glucose concentration in the blood of a 
patient, comprising projecting a pulse of light onto the 
patient's skin, measuring the intensity of light reflected from 
the patient over a narrow bandwidth within a range of 
wavelengths that is absorbed by glucose, measuring the 
intensity of light projected onto the patient's skin over the 
same bandwidth and wavelengths as for the reflected light, 
and comparing the measurements to quantify the intensity of 
light absolved by the glucose in the blood of the patient. In 
one embodiment of this method, the Ught projected onto the 
patient's skin has a narrow bandwidth and is within a range 
of wavelengths of between about 1550 nm to 1700 nm or 
between about 2050 nm and 2400 nm. More preferably, the 
light projected onto the patient's skin has a bandwidth of 
about 20 nm or less and is within a range of wavelengths of 
between about 2080 nm to 2200 nm. 

The invention further comprises a method for noninva- 
sively measuring the glucose concentration in the blood of 
a patient comprising generating a pulse of light, projecting 
a first portion of the pulse of light onto the patient's skin, 
passing the light reflected from the patient through a first 
light filter that transmits a narrow bandwidth of light within 
a range of wavelengths that is absorbed by glucose, passing 
a second portion of the pulse of Ught through a second Ught 
filter identical to the first Ught filter, measuring the intensity 
of the Ught passing through the first and second light filters, 
and comparing the intensity of Ught passing through the first 
Ught filter to the intensity of Ught passing through the second 
light filter to quantify the intensity of the Ught absorbed by 
the glucose in the blood of the patient. In preferred 
embodiments, the Ught filters transmit light having a band- 
width of about 20 nm or less within a range of wavelengths 
between about 1550 nm to 1700 nm or between about 2050 
nm to 2400 nm, more preferably between about 2080 nm to 
2200 nm. In a most preferred embodiment, first portion of 
the pulse of Ught is projected onto the skin by a projecuon 
device comprising a Ught source, a detector, and a fiber optic 
bundle. The projection device can be placed on the lateral 
side of the patient's ear lobe, and a reflective device can be 
placed on the medial side of the patient's ear lobe and 
aUgned parallel to a window on the fiber optic device so that 
the maximum signal is reflected into the window. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of an apparatus according to one 
embodiment of the present invention. 
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FIG. 2a is a chart depicting blood glucose content in a 
patient analyzed by a biochemical method; FIG. 26 is a chart 
depicting blood glucose content in the same patient analyzed 
using the present invention. 
5 FIG. 3a is a chart depicting blood glucose content in a 
patient analyzed by a biochemical method; RG. 36 is a chart 
depicting blood glucose content in the same patient analyzed 
using the present invention. 

FIG. 4fl is a chart depicting blood glucose content in a 
jQ patient analyzed by a biochemical method; FIG. 46 is a chart 
depicting blood glucose content in the same patient analyzed 
using the present invention. 

FIG. 5a is a chart depicting blood glucose content in a 
patient analyzed by a biochemical method; FIG. 56 is a chart 
J J depicting blood glucose content in the same patient analyzed 
using the present invention. 

FIG. 6fl is a chart depicting blood glucose content in a 
patient analyzed by a biochemical method; FIG. 66 is a chart 
depicting blood glucose content in the same patient analyzed 
20 using the present invention. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

Some preferred and exemplary embodiments of the 
invention, which are also illustrated in the accompanying 
drawings, are described below. 

A preferred and exemplary embodiment of a noninvasive 
blood glucose analyzer is described in FIG. 1 and is repre- 
sented generaUy by numeral 10. This analyzer includes a 
fiber optic component 20 constructed by combining several 
fiber bundles. Any fiber optic device that has high optical 
transmission in the wavelengths that glucose absorbs Ught 
may be used. In a most preferred embodiment, the fiber optic 
device is constructed from pure silica glass core fiber or 
doped silica glass core fiber, such as disclosed in U.S. Pal. 
Nos. 4,162,908 and 3,659,915, incorporated by reference 
herein. 

At a first end face 22 of the fiber optic component, a light 
source 14 is placed. As a source a Ught, any pulsed light 
source, such as a photographic flash lamp, may be used. To 
increase the Ught energy projecting onto the first end face 22 
from the Ught source 14, a reflector may be installed behind 
the source. In one embodiment, the reflector may be made 
from a poUshed metalUc plate. 

45 A control unit 12 switches on the light for a short period 
of time when the blood glucose analyzer is activated. The 
control unit controls the mode of operation and provides 
maximum stabiUzalion of the radiation pulse. 
Through a second end face 24 of the fiber optic 

50 component, Ught radiation is projected onto the investigated 
area of a patient's arm. The light signal reflected from 
internal tissue layers also passes through the second end face 
24 of the fiber optic component. In a particularly preferred 
embodiment, the second end face 24 is constructed as a 

55 polished rectangular window (size is 15x12 mm), which 
protrudes from the surface of the fiber optic component. 

The second end face 24 of the fiber optic component also 
leads to a test channel extension branch 26. At the end of this 
extension branch is a third end face 27 optically connected 

60 to a first system of light filters 30, which in turn are opticaUy 
connected to a first photodetector 32, The first system of 
Ught filters 30 includes an interference filter that transmits a 
narrow bandwidth of light within the range of wavelengths 
that is absorbed by glucose. The first system of Ught filters 

65 30 may also include a Germanium (Ge), SiUcon (Si), or 
similar type optical filter to filter out the visible part of the 
spectrum. 
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In preferred embodiments, light transmitted through the The first amplifier output is oomiected to a first analog- 
interference filter is a range or wavelengths that is not to-digital converter 36. Because the measuring signal may 
substantially absorbed by other blood components, such as have a small duration (about 20 microseconds) and an 
albumin, urea, or cholesterol. For example, light is absorbed incorrect form, using direct conversion "voltage-code" can 
by glucose but not absorbed substantially by other blood 5 cause significant errors. Therefore, in a more preferred 
components in the range of wavelengths of between about embodiment, a measuring signal of the incorrect form is 
1550 nm and 1700 nm and between about 2050 nm and 2400 converted into a rectangular pulse of greater duration 
nm. See Heise, H. M., "Non-Invasive Monitoring of (approximately several milliseconds) using the principle of 
Metabolites Using Near Infrared Spectroscopy: State of the preliminary latitude-pulse conversion. In this way. the dura- 
Art," Hormone and Medical Research, 28:527-534 (1996), tion of the given transformed rectangular pulse is propor- 
incorporated by reference herein. In a most preferred tional to common energy of an iriput signal. This rectangular 
embcdiment, the interference filter transmits wavelengths pulse of variable duration is filled in with pulses of the 
within the range of wavelengths between about 2080 nm to standard generator. The binary counter calculates the quan- 
2200 nm. tity of these standard pulses and produces, as the output of 

The bandwidth of light transmitted through the interfer- the analog-digital converter, a binary code having a value 

ence filter should also be narrow enough to avoid interfer- proportional to energy of the measured signal. This binary 

ence from other components of blood, thereby improving ^ode, which indicates the strength of light signal of the test 

the signal to noise ratio, which in turn improves accuracy channel, can then be entered into a microprocessor 50. The 

and repeatability. In a most preferred embodiment, the system may also provide for memory back-up through a 

interference filter transmits a bandwidth of light of about 20 secondary power supply, which aUows for battery replace- 

nm or less. ^^^^ during routine maintenance when one battery no 

Ught passes through the first system of light filters to the ^^^^ voltage requirements for system operation, 

first photodetector 32. A^y photodiode haying a spectral ^ g^^^^^ 3^ 

sensitivity in the range of the light transmitted through the . * ^ ♦ i-i ^ t^A fir«t an^ino to 

light filters may be u^d as the photodetector. In a preferred pho odetector 32 first ^P^^*^^^^^' 

embodiment, the photodiode has a spectral characteristic 25 digital converter 36 compnse the test channe . Tlirau^ th^ 

with a maximum insitivity at the same wavelengths as the channel, a measurement is obtained of the mtensity of hght 

transmission band of the interference filter. In an exemplary reflected from the tissues of the patient and Ulummatmg the 

embodiment, a soUd state photodiode developed at loffe second end face 24 of the fiber optic component. 

Physical-Technical Institute, St. Petersburg Russia (type The first end face 22 of the fiber optic component also has 

FD.24-05) can be used. In this photodiode, the photosensi- 30 a reference channel extension branch 28. This extension 

tive surface area used is about 500 micrometer in diameter, branch has a fourth end face 29 optically connected to a 

the output rise and faU times are both near 1 microseconds, second system of light filters 40, which m turn are optically 

the spectral range is from 1800 to 2300 nm, the maximum connected to a second photodetector 42. The output of the 

response is in the range from 1950 to 2150 nm, and the photodetector is connected to a second amplifier 44, which 

electric current light sensitivity at 2000 nm is about 1.1 35 ^ turn is connected to a second analog-to-digital converter 

amperes/watt. Through a combination of the light filters and 46. The output of the analog-to digital converter, a binary 

the photodetector, a supply of high spectral selectivity at the code indicatmg the strength of the Ught signal of the 

selected wavelength is provided- reference channel, can then also be entered mto the micro- 

llie output of the first photodetector 32 is connected to a proce^r 50. The second system of hght filters 40, second 
first pulse amplifier 34 that amplifies the electrical signals. 40 photodetector 42, second amplifier 44, and ^cond analog- 
In a preferred embodiment, the amplifier has a voltage Jo-di^tal converter 46 are idenUcal to the Arst^system of 
ampUfication factor not less than lxlO^ a high dynamic light Alters 30, first photodetector 32 first amphfier 34, and 
range with linear output up to 3^ volts, a consumption of first analog-to-digital converter 36 of the test channel, 
an electric current no more than 3 miUiamperes on all stages As a whole, the second system of hght filters 40, second 
of an ampUfier, bandwidth up to several Megahertz, and 45 photodetector 42, second amplifier 44, and second analog- 
noise level indicated on an amplifier input no more than 0.1 to-digital converter 46 comprise the reference channel, 
microvolts. In an exemplary embodiment, the ampUfier can Through this channel, a measurement is obtained of the 
be constructed with a Russian operational ampUfier of a type intensity of Ught that is transmitted to the skin and tissues of 
1401UD2 in which three sequential stages of amplification the patient, which serves as a reference for comparison to the 
(gain) with deep negative feedback are employed. The 50 Ught reflected from the patient. 

ampUfier input is matched with output impedance of the In operation, a preferred method for measuring glucose 

photodetector. In preferred embodiments, the first stage of concentration, using the apparatus described above, is as 

the ampUfier is mounted as close to the photodetector as follows. After turning on the analyzer, an indicator light 

possible, and most preferably the photo sensor is combined indicates readiness to start the measurements. The inner side 

on a cWp with an ampUfier, as in the TSL260 Ught-to- 55 of the wrist of the left or right arm of the patient is firmly 

voltage sensors made by Texas Instruments. As a source of placed against the window of the second end face 24 of the 

a two-polar power supply of the amplifier, in preferred fiber optic component. After pressing a "START" button, a 

embodiments, batteries with a low level of internal current Ught pulse from the Ught source 14 passes through the fiber 

noise can be used, which makes the ampUfier significantly optic component 20, without filtering, and out the second 

less sensitive to signal noise from the common circuits. To 60 end face 24, illuminating an investigated site of the patient, 

protect against externa! electromagnetic and electrosUtic The Ught pulse passes through the skin, tissues, and vessels, 

interference, the amplifier and photodetector can be placed is partiaUy absorbed by glucose in the blood, and is partially 

in a steel cyUndrical electromagnetic shield. In this preferred reflected from tissues, internal walls of the vessels, bone 

embodiment of the ampUfier, the level of output voltage of surfaces. Reflected light returns to the second end face 24 

the measiu-ed signal is equal to 3-4 volU and the level of 65 and is registered in the test channel. In the channel, mea- 

output noise is approximately 0.01 volts, which results in a surement is made of a preset wavelength of the reflected 

signal to noise ratio of 300-400:1. light, such as 2120 nm (the wavelength at which glucose 
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ahsort)S ihe most light), by selecting the light filters 30 and Immediately before blood was drawn from the patients for 

photodetector 32 to optimize detection at the preset wave- the biochemical analysis, measurements were taken using 

length. The signal from a photodetector is magnified by an the non-invasive glucose monitor of the present invention, 

amplifier 34, converted to a digital code with the help of an The vmsi of the patient was positioned adjacent the window 

analog-digital converter 36, and entered into the memory of 5 of the optical fiber, and several measurements were taken 

the microprocessor 50. Simultaneously, a portion of light over a period of 1^ to 2 minutes. Results for both the 

radiation from the light source passes into the reference measuring channel and the reference channel were averaged, 

channel, is measured, and also entered into the memory of The level of sugar in the blood according to data from our 

the microprocessor. This digital data of the reference chan- prototype was determined in relative imits by dividing the 

nel is used to normalize the measurements of reflected light 10 results of the reference channel by the results of the test 

obtained from measuring channel and, thereby, eliminates channel. This data was then used to construct a graph of the 

errors due to instability in the light signal. obtained results against lime. The data from the biochemical 

The microprocessor can also account for matching cali- analysis was also used to construct a graph of glucose 

bration factors and corrections, which are individual for each concentration in the blood against time, A comparison of the 

patient. Although the reflected light signal is always pro- ^5 results was then conducted, 

portional to the patient *s glucose concentration, the intensity The results of biochemical and optical measurements of 

of the signal for a given concentration will vary from patient sugar in the blood of 5 patients are given in FIGS. 2-6. 

to patient due to individual characteristics such as body fat. Comparing the relative values of glucose concentration for 

skin thickness, and blood vessel location. Consequently, to these patients demonstrates a close correlation between the 

measure glucose concentration in absolute units (e.g., "sugar curves" using biochemical measurements and using 

miliimole/liter or milligram/deciliter), these characteristics the optical measurements using the non-invasive glucose 

must be taken into consideration. In a preferred monitor of the present invention. These results validate the 

embodiment, patients can be given a glucose test during utility of the apparatus and method of the present invention 

which various glucose concentrations are measured using to measure blood glucose concentration ooninvasively. 

both biochemical methods (drawing blood) and the photo- 25 These tests also revealed that the following principles are 

metric method of the present invention. This information can important to the construction and operation of the apparatus 

then be used to calibrate the microprocessor so that mea- of the present invention. Inconsistency of the position of the 

suremeots obtained by the photometric method of the measuring place on a wrist in relation to the second end face 

present invention can be converted to absolute units. The of the optical fiber component can increase the error. Even 

microprocessor can then output the value of glucose con- ^ ^jj^^w displacement of a position of the wrist in relation to 

centration in absolute units, which can be shown on a ^ measuring platform causes significant change to the mea- 

display board of the instrument 52. surements obtained on the measuring channel. In addition, 

In an alternative embodiment, the light source can emit a results are influenced by the pressure of wrist against the 

narrow bandwidth of light, thereby reducing or eliminating second end face. To overcome these problems, the measur- 

the need for passing the reflected light through hght filters. ing platform must be designed to reduce these variables. For 

For example, the Hght source can be a laser diode emitting example, a long flexible fiber cable will enable the second 

a bandwidth of light of about 20 nm or less within the range end face to be fixed in a position on the wrist. The device 

of wavelengths between about 2080 nm to 2200 nm. In such may also incorporate a pressure plate and pressure sensors to 

a case, the intensity of the reflected light can be measured facilitate uniform usage by the patient and insure proper 

directly by the first photodetector, and the light from the ^ measurement. 

light source passing through the reference channel can be jn addition, because the level of the signal from the 

measured directly by the second photodetector, without photodetector is very small, the amphfier should have a 

passing either the reflected light or the reference channel sufiBciently large amplification factor and low noise level to 

light through a system of light filters. In all other respects, ensure normal operation of the analog-to-digital converter, 

the operation of this embodiment of the invention is similar Moreover, because the noise of the amphfier and photo 

to the operation of the invention using the broad band Ught diode leads to a large spread of the indications, the ratio of 

source and light filters as described above. a signal to noise of the amplifier should be increased at least 

The invention will be further clarified by the foUowing 10 times. In the prototype used in the examples, the ratio of 

examples, which are intended to be purely exemplary of the a signal to noise was about 300 having an output signal of 

invention. 3 volts and a noise level of 0.01 volts. Better results could 

be obtained with the dynamic range of an amplifier having 

EXAMPLES hnear output up to 5 volts at a noise level up to 0.01 volts, 

Aprololypeoflhepresenlinvenlionhasbeentestedallhe P-^ducing a signal to noise ratio of about 500. 

Sokolov Central Hospital (a member of PREMIER. Inc.) in ss Other embodiments of the mventioD wUl be apparent to 

St. Petersburg, Russia. To check the accuracy of the lhos<= skiUed in the art from consideration of the specifica- 

prototype, results obtained from the noninvasive blood 'ion and practice of the mvenfon disclosed herein. It is 

glucose analyzer were compared to results obtained by '"tended that the specification and examples be considered 

biochemical analysis of the blood of patients using a weU- "s exemplary only, with a true scope and spirit of the 

known medical diagnostic method for obtaining a "sugar 60 ^^^nuon being md.cated by the foUowmg clamis. 

curve." A blood sample was taken from the finger of a What is clauned is: . . u , 

fasUng patient, after which the patient drank 200 grams of a 1- An apparatus for nonmvasively measurmg the glucose 

strong glucose soluUon. Every 30 minutes afterwards for 2.5 concentration m the blood of a patient, comprising; 

hours, additional blood samples were drawn. The blood (a) a Hghl source, 

samples were then biochemically analyzed for glucose 65 (b) a test channel comprising (0 a first light filter capable 

concentration, and the six data points were used to construct of transmitting a narrow bandwidth of light within a 

a "sugar curve." range of wavelengths that is absorbed by ghicose, (ii) 
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a first photodetector capable of measuring the light 
passing the light filter, (iii) a first pulse amplifier, and 
(iv) a first analog-to-digital converter, 

(c) a first optic unit comprising optical fibers and capable 
of transporting light pulses firom ihc light source to the 
skin of a patient, receiving light reflected back from the 
patient, and transporting the reflected light to Ibc test 
channel, 

(d) a reference channel comprising (i) a second light filter, 
(ii) a second photodetector, (iii) a second pulse 
amplifier, and (iv) a second analog-to-digital converter, 
each identical to the corresponding elements in the test 
channel, 

(e) a second optic unit capable of transporting light pulses 
from the light source to the reference channel, and 

(f) a processing unit capable of comparing the output of 
the test channel to the output of the reference channel 
to quantify the intensity of light absorbed by the 
glucose in the blood of the patient. 

2. The apparatus of claim 1, wherein the first and second 
light filters are capable of transmitting Ught having a band- 
width of about 20 nm or less. 

3. The apparatus of claim 2, wherein the first and second 
light filters are capable of transmitting light within a range 
of wavelengths of between about 2080 nm to 2200 nm. 

4. The apparatus of claim 3, wherein the optical fibers 
comprise pure silica glass core fibers or doped silica glass 
core fibers. 

5. An apparatus for noninvasively measuring the glucose 
concentration in the blood of a patient, comprising: 

(a) a light source, 

(b) a light filter capable of transmitting a narrow band- 
width of light within a range of wavelengths that is 
absorbed by glucose, 

(c) a first optic unit comprising optical fibers and capable 
of transporting light pulses from the light source to the 
skin of a patient, receiving light reflected back from the 
patient, and transporting the reflected light to the light 
filter, 

(d) a second optic unit capable of transporting light pulses 
directly from the light source to the light filter, 

(e) a photodetector capable of measuring the light passing 
the light filter, 

(f) a processing unit capable of comparing the intensity of 
the reflected light passing through the light filter to the 
intensity of the light directly from the light source to 
quantify the intensity of light absorbed by the glucose 
in the blood of the patient. 

6. The apparatus of claim 5, wherein the light filter is 
capable of transmitting light having a bandwidth of about 20 
nm or less. 

7. The apparatus of claim 6, wherein the light filler is 
capable of transmitting light within a range of wavelengths 
of between about 2080 nm to 2200 nm. 

8. The apparatus of claim 5, wherein the optical fibers 
comprise pure silica glass core fibers or doped silica glass 
core fibers. 

9. A method for noninvasively measuring the glucose 
concentration in the blood of a patient, comprising: 
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(a) projecting a pulse of light through a fiber optic device 
placed in direct contact with the patient's skin, 

(b) measuring the intensity of light reflected from the 
patient over a narrow bandwidth within a range of 
wavelengths that is absorbed by glucose, 

(c) measuring the intensity of light projected onto the 
patient's skin over the same bandwidth and wave- 
lengths used in step (b), and 

(d) comparing the measurements of light obtained in steps 
(b) and (c) to quantify the intensity of light absorbed by 
the glucose in the blood of the patient. 

10. The method of claim 9, wherein the bandwidth of light 
measured in steps (b) and (c) is about 20 nra or less. 

11. The method of claim 10, wherein the reflected light 
measured in steps (b) and (c) is within a range of wave- 
lengths of between about 2080 nm to 2200 nm. 

12. The method of claim 9, wherein the light projected 
onto the patient's skin has a nanow bandwidth and is within 
a range of wavelengths that is absorbed by glucose. 

13. The method of claim 9, wherein the light projected 
onto the patient's skin has a bandwidth of about 20 nm or 
less. 

14. The method of claim 13, wherein the light projected 
onto the patient's skin is within a range of wavelengths of 
between about 2080 nm and 2200 nm. 

15. The method of claim 14, wherein the light projected 
onto the patient's is emitted from a laser diode. 

16. The method of claim 9, wherein the light projected 
through the fiber optic device is not wavelength or intensity 
modulated. 

17. A method for noninvasively measuring the glucose 
concentration in the blood of a patient, comprising: 

(a) generating a pulse of light, 

(b) projecting a first portion of the pulse of light through 
a fiber optic device placed in direct contact with the 
patient's skin, 

(c) passing the light reflected from the patient through a 
first light filter that transmits a narrow bandwidth of 
light within a range of wavelengths that is absorbed by 
glucose, 

(d) passing a second portion of the pulse of light through 
a second light filter identical to first light filter, 

(e) measuring the intensity of the light passing through the 
first and second light filters, and 

(f) comparing the intensity of light passing through the 
first light filter to the intensity of light passing through 
the second light filter to quantify the intensity of light 
absorbed by the glucose in the blood of the patient. 

18. The method of claim 17, wherein the first and second 
light filters transmit light having a bandwidth of about 20 nm 
or less. 

19. The method of claim 18, wherein the first and second 
light filters transmit light within a range of wavelengths of 
between about 2080 nm to 2200 nm. 

20. The method of claim 19, wherein the fiber optic device 
is placed on the lateral side of the patient's ear lobe and a 
reflective device is placed on the medial side of the patient's 
ear lobe. 
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INVENTOR(S) : Petrovsky et al. 

It is certified that error appears in the above-identified patent and that said Letters Patent is 
hereby corrected as shown below: 



Column 8, 

Line 67, "that is absorbed by glucose" should read -- of between 2050 nm to 2400 nm --. 
Column 9, 

Lines 34-35, "that is absorbed by glucose" should read -- of between 2050 nm to 2400 
nm --. 

Line 57, "claim 5" should read - claim 7 --. 
Column 10, 

Line 5, "that is absorbed by glucose" should read - of between 2050 nm to 2400 nm 
Line 27, "patient's" should read -- patient's skin --. 

Lines 40-41, "that is absorbed by glucose" should read -- of between 2050 nm to 2400 
nm 
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